Abstract: Nowadays, demand for esthetic restorations has risen considerably; thus, nonmetal esthetic posts made of either highstrength ceramics or reinforced resins, such as fiber-reinforced resin posts, have become more and more popular. Important characteristics of fiber-reinforced posts involve a modulus of elasticity similar to dentin and their ability to be cemented by an adhesive technique. A total of 36 maxillary incisors were divided into four groups. In this study, four adhesively luted fiber-reinforced (glass fiber, quartz glass fiber, zirconia glass fiber and woven polyethylene fiber ribbon) post systems were used. Post spaces were prepared by employing drills according to the protocol established for each group, and each post was adhesively luted with one of three adhesive systems. Three segments per root apical to the cementoenamel junction (CEJ) were obtained by sectioning the root under distilled water with a carbon spare saw. The samples (total of 108 sections) were 2.0±0.1 mm in thickness and they were stored individually in black film canisters with sterile distilled water. In order to determine the bond strength, the bonding area of each specimen was measured, and specimens were attached to a device to test microtensile strength at a speed of 1 mm/min. The analyses revealed no statistically significant differences between the adhesive systems and fiber-reinforced posts. (P> 0.05). However, the coronal portion of the root dentin had the highest bond strength. Adhesive systems used along with fiber-reinforced resin posts demonstrated reliable bonding.
Introduction
Prefabricated posts are used to improve retention of core foundation materials in endodontically treated teeth when minimally remaining coronal dentin exists. Over the past decade, the use of fiber-reinforced resin posts (fiber posts) to restore endodontically treated teeth has become popular. 1 The success rate of fiber posts has ranged from 48 to 100% over the years.
2 Fiber posts include a similar elasticity modulus to dentin and also have high esthetic property. 3 Another important quality is their ability to be cemented through an adhesive technique. 4, 5 Most fiber posts consist
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of a resin matrix with reinforcing quartz, glass, or woven polyethylene fiber. 1 Esthetic fiber posts can be bonded with polymer dentin-bonding agents and resin cements within root canal spaces. This combined system transmits stress between the post and the root structure, reducing stress concentration and preventing fracture. 6, 7, 8, 9, 10 It has been shown that debonding of the post is the main reason for failure of adhesively luted fiber posts. 11, 12 Several other factors may affect the bond strength of posts to dentin, including type of dentin, 13 region of the dentin, 14,15 different post surface pretreatment techniques, and type of adhesive and luting agents. 6, 16, 17, 18, 19 Nowadays, various luting agents and corresponding adhesive systems are available for bonding fiber posts to the root canal dentin. Adhesive systems vary from multi-step etch-and-rinse systems to one-bottle self-etch non-rinse systems. The eventual type combines etchant, primer, and adhesive into one bottle, such as acidic monomers and acetone/ethanol as solvents in the same bottle.
20,21,22
The bonding effectiveness among dentin, resin cement, and post can be assessed through pull-out tests or microtensile bond strength tests. 10, 23, 24, 25, 26, 27, 28, 29 The microtensile test was developed to overcome some of the limitations of other traditional bonding tests, such as shear and tensile tests. 18 The microtensile test allows performing bond strength studies in specific areas of dental structures.
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The main objective of this study is to evaluate the bond strengths of four adhesively luted fiber post systems: glass fiber, quartz glass fiber, zirconia glass fiber, and woven polyethylene fiber ribbon, through the use of three adhesive systems in three portions of the root dentin: coronal, middle, and apical thirds. The null hypothesis was that no statistically significant difference in bond strength values would be found among root portions for neither fiber posts nor adhesive systems.
Methodology Patient follow up
Thirty-six human maxillary central incisors extracted freshly for periodontal reasons were endodontically treated and divided into four groups (n = 9). The crown of each tooth was removed 2 mm coronal to the cementoenamel junction (CEJ) with a 0.15 diamond wafering blade (Buehler, Lake Bluff, USA) in an Isomet saw (IsoMet, Buehler, USA). In this study, four fiber-reinforced post systems and three adhesive systems were used. Brand names, manufacturers, batch numbers, compositions, and application procedures are shown in Table 1 . The study protocol was approved by the Research Ethics Committee of our Dental Faculty Hospital (Protocol number: 2018/32).
Post preparation
In this study, three types of preshaped posts (1.6 mm in diameter) and one custom-shaped post were evaluated: zirconia-glass post (Snowpost, carbotech- Ganges, France), quartz-glass post (DT Light post, Bisco Inc, Schaumburg, USA), glass fiber post (Cytec blanco, Hahnenkratt, köningsbach-stein, Germany) and woven resin-supported polyethylene fiber ribbon post (Ribbond, Ribbond Inc, Seattle, USA). Each post was bonded with one of the following three systems: a one-stage self etch (I Bond; Hareaus Kulzer, Hanau, Germany), a two-stage total etch (One Step Plus, Bisco), and three-stage total etch adhesive (All Bond 2; Bisco). Post spaces were prepared to a depth of 10 mm with drills supplied with each system. A dual-polymerizing resin luting agent (Duo-Link; Bisco) was mixed for 20 seconds and then placed in the post spaces with a Lentulo spiral instrument (Maillefer Dentsply; Tulsa, USA). The posts were coated with cement and slowly seated with slight finger pressure. Excess cement was removed with an explorer (MSC-SD-414-R; Muzamal Surgical Co, Sialkat, Pakistan). The light source was placed directly on the flat coronal tooth surfaces, and the cement was polymerized for 40 seconds at 350 mW/cm2 (Hilux 350; First Medica, Greensboro, NC). All specimens were prepared to receive composite resin core buildups (LightCore; Bisco) and were stored at 37°C for one week.
Root sections
Three segments per root apical to the CEJ were obtained by sectioning the root under distilled water coolant with an Isomet butcher saw. The sections were 1.0 ± 0.1 mm in thickness. This procedure was performed in three serial slices per root, identified as coronal 1, 2, 3, middle 1, 2, 3, and apical 1, 2, 3 ( Figures 1  and 2 ). The thickness of each slice was measured with a digital caliper (Mitutoyo, Tokyo, Japan). Each slice was further trimmed with a diamond bur (Diamond flat end cylinder #835; Coltene/Whaledent KG, Langenau, Germany) mounted in a high-speed handpiece under water cooling. This procedure was performed under a stereomicroscope (20X magnification) until the bur touched the post.
Test procedure
The trimmed specimens were glued onto a microtensile bond strength testing device (Microtensile Tester, Bisco; Schaumburg, USA), using cyanoacrylate glue (Zapit, Dental Ventures of America; Corona, USA) and subjected to tensile strength loaded at a crosshead speed of 1 mm/min). Since the bonded interface was curved, its area was measured by using a mathematical formula described earlier by Mallman et al. 29 for similar purposes. Failure loads were recorded in N, and microtensile bond strength was measured in MPa as follows: μTBS = F / 1/2 C x T where F is the force at failure, C is the circumference of the post (= 2 π R [π= 3.14, R = radius of the post]), and T is the thickness of the rod.
Results
The data were analyzed with one-way ANOVA and Tukey's HSD tests at a significance level of p < 0.05 using SPSS 14.0 (Statistical Package for Social Sciences, SPSS Inc., Chicago, USA). There were no statistically significant differences in mean bond strengths (MPa) between fiber post and adhesive systems at p > 0.05. The mean bond strengths of fiber posts and adhesive systems are shown in Table 2 . For the "root portion'' variable, the coronal third had significantly higher bond strength than the apical third (p < 0.007). The middle third was not significantly different from the coronal third (p > 0.12) or from the apical third. Statistical results are shown in Table 3 .
Discussion
This study was carried out to compare the performance of four different fiber posts and three different adhesive systems. The null hypothesis was rejected. The coronal portion of the root dentin showed significantly higher bond strength values.
In previous studies, researchers have investigated different root sections. Mallman et al. 29 divided roots into 12 segments and evaluated 480 samples; Kalkan et al. 10 divided them into 6 segments and evaluated 360 samples; and Zaitter et al. 31 evaluated 144 samples. In this study, 324 samples were evaluated. Several studies have shown that retention is a relevant problem with intraradicular posts. 29, 32 One of the main reasons for failure is the poor adhesion between the fiber post and resin systems. 33 Fiber post debonding from the root canal occurred due to poor retention. Failures may begin at the cement-dentin or cement-post interface. It is important to provide higher bond strength at these interfaces. The use of adhesive systems, resin cements, and surface conditioning agents is widespread, and it is important to analyze their relative performance.
11,34,35
Several studies have been previously carried out to investigate the bond strength of adhesive and fiber post systems. 36, 37, 38, 39, 40 Flexural strength of the fiber post may play a significant role in the outcome of postretained restoration. 41 An important factor for fiber post strength could be the type of resinous matrix and the manufacturing process used to promote chemical bond between the fiber and the resin. 42 The type of bond strength test used influences directly the results obtained. 34 The method used to test post retention in this study, i.e., the microtensile bond strength test, was performed according to earlier studies, which have suggested it as a standard test for bond strength testing in small surface areas, 18, 43 and providing an understanding of bonding quality of root canals.
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Previous studies have reported that influential factors on microtensile strength are the type of composite, water storage, fiber post surface treatment, aging, and application of adhesive bonding. 44, 45 In a study carried out earlier, the bond strength of two adhesives (etch-and-rinse and self-etching) used with a resin cement and fiber posts was compared with one another; the resulting value was reported to be higher for the etch-and-rinse adhesive. 46 Nonetheless, it has also been reported that the bonding mechanism to the root canal dentin is not influenced by the type of fiber-reinforced composite resin post. Similarly, Perdigão et al. 19 pointed out that there were no significant differences in terms of bond strength between fiber posts cemented with the resin adhesive system provided by the respective manufacturer. According to another study, the selection of the fiber post seemed to be more important for high bond strength with respect to the type of luting material.
47
In this study, we also assessed the bond strength at each section of the post. Since the post stabilizes and retains the core, it is crucial to determine its different levels of adhesion. The coronal portion of the canal is the closest part of the canal space, making it easier to etch and apply the adhesive agents more thoroughly than in deeper areas of the canal. Furthermore, light curing has also proven to be more effective. A previous study has shown that the number of dentinal tubules diminishes and moves from the crown to the root apex. 48 There is low infiltration of adhesive into the tubules at the apical third for light-curing adhesives.
5,8,48
Ferrari and Mannocci reported that resin tag density is higher in the coronal portion than that at the middle and apical thirds. 49 Furthermore, in another study, higher bond strength values were obtained at the apical third. However, this result is much lower than the findings for the coronal portion obtained in other studies. 29, 49 In another study that assessed bond strength of light-curing and self-curing adhesives to different root dentin portions (coronal, middle, and apical) using a fiber post, significant differences were determined in bond strength values. 50 The coronal portion showed significantly higher values in terms of mean bond strength than those obtained in the middle and apical regions. 51 Mallmann et al. 29 reported no significant differences in bond strength between the post and adhesive systems, but the bond strength of coronal portions was higher. Those findings reported in previous studies also support our findings. According to another study, adhesive systems achieved good bonding to root dentin and fiberreinforced composite resin posts, and there was no significant difference with respect to each other. 28 Another study showed no significant differences when post types were compared by using section and adhesive type variables.
52
The specimens in the present study were not exposed to any mechanical or thermal fatigue. As it is known, thermocycling causes an important decrease in the flexural strength of fiber posts. In addition, mechanical fatigue enhances microleakage in all types of post; nevertheless, mechanical fatigue does not lead to any change in the bond strengths of fiber posts and light-polymerized adhesives when the cervical third of root dentin was bonded to a resin cement. 29, 53, 54, 55, 56 
Conclusions
Within the limitations of this study, the following conclusions were drawn: a. The bonding mechanism to root canal dentin was not influenced by the type of fiber post. b. The coronal portion of root dentin showed significantly higher bond strength values. However, there were no significant differences between the coronal-middle or middle-apical portions. 
